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Paratuberculosis (Johne's disease) in cattle, a chronic granulomatous enteric disease caused by Mycobacterium paratuberculosis (Mycobacterium avium subspecies paratuberculosis), is diagnosed by clinical observation of chronic diarrheal disease followed by bacterial culture of feces and histopathologic identification of acid-fast bacilli in macrophages in the lamina propria and submucosa of the intestine. The control of paratuberculosis is limited by the lack of rapid, specific diagnostic tests. Microbial culture of fecal samples is routinely used to diagnose the disease, but growth of the organism requires a minimum of 4-8 weeks. Alternatively, histopathologic diagnosis by examination of infected tissues, typically by identification of multifocal accumulations of macrophages and detection of intracellular acid-fast organisms in the lamina propria of the intestine, takes less time but has low sensitivity and specificity. 10 Acid-fast techniques can also have false-positive reactions because they detect the environmental mycobacteria Nocardia and Corynebacteria. 8 Immunohistochemical detection of antigens of M. paratuberculosis in tissue sections could lead to a more specific and sensitive diagnostic method. Previous studies have used serum from infected goats, cattle, and rabbits to detect M. paratuberculosis in formalin-fixed, paraffin-embedded tissue sections. [4] [5] [6] [7] 9, 10 In 1 study, immunohistochemistry was a better indicator of infection than acid-fast stains because it detected more infected animals. 10 Unfortunately, the antibodies used in these studies were made by individual laboratories and are unavailable for widespread use. The goal of the current study was to use a commercial readily available antibody to detect M. paratuberculosis in formalin-fixed, paraffin-embedded bovine tissues and to compare, by morphometric analysis, the sensitivity of immunohistochemistry to acid-fast stain.
An immunofluorescence technique was used to show reactivity between the commercially available rabbit anti-Mycobacterium bovis serum a and M. paratuberculosis. The commercially available antibody was produced by immunization of a rabbit with cell lysates from M. bovis. After fixation for 10 minutes in 4 C acetone on a slide, M. paratuberculosis were rehydrated for 5 minutes in 0.01 M phosphate-buffered saline (pH 7.2) (PBS) and incubated with the primary antibody diluted 1:100 in PBS at room temperature for 1 hour. After incubation, the unbound primary antibody was removed by washing in PBS for 5 minutes, and goat serum was applied for 10 minutes to block nonspecific bind- ing of the secondary antibody. Secondary fluorescein isothiocyanate (FITC)-labeled goat anti-rabbit IgG b diluted at the concentration of 1:80 was applied to the slide for 1 hour at room temperature. After incubation, the slide was washed in PBS for 5 minutes and mounted using a mounting medium containing propridium iodide c to label bacterial DNA.
This retrospective study included 32 cattle that were presented at Iowa State University with clinical manifestations of paratuberculosis and diagnosed with paratuberculosis after necropsy by culture or IS900 probe. d For each animal, 1 block of small intestine, fixed in formalin and embedded in paraffin, was randomly selected. The block was sectioned at 5 m thickness onto positively charged slides. e Two consecutive sections per block were stained with Ziehl-Nielsen acid-fast stains and immunohistochemical techniques. For immunohistochemistry, sections were deparaffinized and rehydrated in water. After 5 minutes of incubation in a solution of 2 mM citric acid and 10 mM sodium citrate in a microwave, the sections were washed for 5 minutes with 0.05 M Tris buffer (pH 7.6) and incubated with 0.1 g of trypsin and 0.1 g of calcium chloride in 100 ml of Tris buffer for 10 minutes at 37 C. After incubation, the sections were washed for 5 minutes in Tris buffer and blocked for 10 minutes with goat serum. The goat serum was removed from the slides, and the sections were incubated with a M. bovis polyclonal antiserum a diluted at 1:100 for 2 hours at 37 C. Following incubation, the sections were washed for 5 minutes in Tris buffer, and primary antibody was detected by a goat antirabbit streptavidin-biotin alkaline phosphatase detection kit with a red chromogen f according to the manufacturer's instructions. Following incubation, the sections were washed in Tris buffer for 5 minutes, counterstained with hematoxylin, dehydrated, and coverslipped. To determine the specificity of the immunohistochemical technique, small intestine from noninfected cattle and tissues from dogs infected with M. avium were also stained.
Image analysis was used to compare the sensitivity of immunohistochemistry and acid-fast stains. Twenty-four tissue sections were selected because they had positive staining by immunohistochemistry and had retained all the histologic characteristics of the intestinal wall (lamina propria and submucosa). Three areas with macrophages containing intracytoplasmic staining were selected in the lamina propria and the submucosa of sections. Each area was captured using an image analysis software g to select the exact same areas in consecutive sections of the block stained with acid-fast stain or immunohistochemistry. Numbers of macrophages containing intracytoplasmic staining were quantified manually. The same process was repeated with the acid-fast stain. Numbers of macrophages with intracytoplasmic staining in lamina propria and submucosa were analyzed with an analysis of variance using generalized linear models with consideration for nested and missing data. Comparisons were made of the overall numbers of macrophages containing intracytoplasmic staining after acid-fast stain or immunohistochemistry and of the numbers of these macrophages in the lamina propria or the submucosa as identified by each staining technique.
The rabbit anti-M. bovis antibody appears to recognize surface antigens, as indicated by the green staining of the FITC-labeled fragment on the bacterial wall or capsule. The cytosol of the bacteria was labeled red by binding of propidium iodide to bacterial DNA (Fig. 1) .
Immunohistochemistry specifically detected intracellular bacteria present in the lamina propria and submucosa of the small intestine. The intracellular bacteria located at the tip of the intestinal villi were well defined by the stain (Fig. 2) . The intracellular bacteria located in the submucosa were less defined, and the stain was more diffuse within the cytoplasm of macrophages. The major cell types infected by the bacteria were macrophages and multinucleated giant cells. Fewer neutrophils also had positive cytoplasm staining. The centers of a few lymphoid follicles in the lamina propria of the intestine also contained positively stained cells (Fig. 3) . These cells had large amounts of eosinophilic cytoplasm and large oval (10-15 m diameter) nuclei. Based on their morphology, these cells were interpreted to be follicular dendritic cells or macrophages. The same cells did not show intracytoplasmic staining with acid-fast stain. Plant material that was present in some sections of tissue did not stain by immunohistochemistry but did stain with acid-fast stain. This nonspecific reaction impeded the detection of bacteria with acid-fast stain in areas where plant material was mixed with few bacterial cells.
Immunohistochemistry reaction was positive in 29 of the 32 animals positive by culture or IS900 probe. However, the section of intestine from the 3 remaining animals with a negative reaction by immunohistochemistry did not have the accumulations of large macrophages in the intestinal mucosa characteristic of paratuberculosis. Acid-fast stains were positive in 25 of the 32 animals. The 7 animals that were negative by acid-fast stain included the 3 that were negative by immunohistochemistry. Immunohistochemical staining was also positive in M. avium-infected canine tissues but was negative in noninfected control cattle tissues.
Tissues from 24 animals were further selected for image analysis. The total number of positive cells per selected field was significantly greater (P Ͻ 0.0001) with immunohistochemistry than with acid-fast staining, regardless of the location in the intestinal wall. The numbers of positive cells in the lamina propria and the submucosa were significantly higher by immunohistochemistry than by acid-fast stain (P ϭ 0.0001 and P ϭ 0.003, respectively) ( Table 1 ).
This study shows that a commercially available M. bovis antiserum cross-reacts with M. paratuberculosis and can be used in immunohistochemical detection of M. paratuberculosis. Immunohistochemistry was more sensitive and specific than acid-fast stains for detecting M. paratuberculosis in formalin-fixed, paraffin-embedded bovine tissue sections. Some epitopes are shared between different mycobacerial species. 2, 3 Serum raised against M. bovis, M. duvalii, and M. paratuberculosis has shown cross-reactivity to different mycobacterial species in formalin-fixed, paraffin-embedded tissue sections. 12 The shared antigens appear to be on the surface of the bacteria, i.e., immunofluorescence labeling of the bacteria showed labeling of the bacterial wall ( Fig. 1) . A glycopeptidolipid present on the surface of M. paratuberculosis is a significant seroreactive epitope, and M. paratuberculosis may share enough epitopes with other mycobacterial species to allow cross-reactivity among different antisera. 1 The numbers of positive animals and of positive cells per animal were higher with immunohistochemistry; thus, this technique is more sensitive than acid-fast staining for detect infected tissues. These results confirm a previous study that revealed 18, 15, and 10 infected goat ilea or mesenteric lymph nodes out of 42 goats were positive by immunohistochemistry, acid-fast, and culture, respectively. 10 The acidfast technique is based on the presence of an intact bacterial capsule. 11 Therefore, phagocytized and digested bacteria might not be readily stained by this technique. We hypothesize that the number of macrophages with intracytoplasmic staining detected by immunohistochemistry is higher than that detected by the acid-fast technique because the immunohistochemical methods also detect processed bacterial antigens.
The 3 negative results obtained by immunohistochemistry can be explained by the sampling method used in this study. Because 1 section of tissue was randomly chosen per animal, it is possible that the sampled area did not contain bacteria; the 3 negative tissues did not have the granulomatous inflammatory infiltrate characteristic of paratuberculosis. Alternatively, low numbers of bacteria in the sampled sections may not be detectable by immunohistochemistry.
Immunohistochemistry appears to be also more specific than acid-fast staining. Unlike acid-fast staining immunohistochemistry did not stain plant materials, thus allowing for a more accurate histopathologic evaluation of slides. Addi-tionally, acid-fast staining also stains Nocardia and Corynebacteria and can therefore induce false-positive reactions. 9 Although in this study we did not test the specificity of immunohistochemistry against Nocardia-and Corynebacteriainfected tissues, a positive reaction is less likely because the technique relies on the recognition of antigenic epitopes and not on the biochemical properties of the bacterial cell wall. Like acid-fast staining, immunohistochemistry does not allow differentiation among mycobacterial species.
Because immunohistochemistry is more sensitive and more specific than acid-fast staining, this technique could represent an additional rapid diagnostic procedure. The antibody used in this study is commercially available and therefore could be used by diagnostic laboratories. Alternatively, immunohistochemistry could be used as a research tool to study the pathogenesis of paratuberculosis.
